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Abstract
Background aims. Vitriﬁcation as an advanced cryopreservation method is recommended for cell storage toward future ap-
plications. The purpose of this report was to appraise whether gametogenic potential of these cells is altered by vitriﬁcation.
Methods. A two steps method was applied for hUCM cells vitriﬁcation. An n-hUCM group of hUCM cells served as control.
In order to differentiation of hUCM cells into male germ cells, the cells were induced by retinoic acid, testosterone and
testicular-cell-conditioned medium. To evaluate induced hUCM cells toward germ cells, we used immunocytochemistry
and karyotyping methods. Results. v-hUCM cells similar to n-hUCM cells formed ﬂat cells after gametogenic induction, and
showed protein expression of germ-cell-speciﬁc markers DAZL, VASA (DDX4) and SCP3. Karyotyping pattern remained
unchanged in the either groups. Conclusions. The analysis of these results demonstrates that vitriﬁcation does not alter
differentiation potential of hUCMs to male germ like cells. These results may set an in vitro pattern to study germ-cell
formation from hUCM cells and also as a potential source of sperms for male infertility.
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Introduction
Human umbilical cord matrixederived mesenchymal
(hUCM) cell culture has advanced in recent years.
Proliferative capacity, multipotentiality and noninva-
sive procedure to access and isolate hUCM cells are
among the advantages of these cells (1). Invasive
procedures for harvesting of bone marrow stem cells
(BMSCs) (2) and adipose tissueederived MSCs (3),
the low rate of successfully isolating umbilical cord
blood mesenchymal stromal cells (MSCs) (4), re-
duction of the quantities, differentiation potential and
frequency of BMSCs with aging (2,5,6) and ethical
reasons regarding the use of of embryonic stem cells
(ESCs) (7) create limitations in the use of these stem
cells. In contrast, MSCs isolated fromWharton’s jelly
of the human umbilical cord is closely lacking of im-
perfections, as previously mentioned (8).
To bank cells for future applications in clinics
and laboratories, cryopreservation is critical (9).
Vitriﬁcation (glass-like solidiﬁcation of a solution)
is more desirable than is conventional slow freezing.
In vitriﬁcation, the defects of slow freezing such
as damage caused by cytoplasmic ice crystal formation
(10), the requirement of an expensive programmable
freezer and time-consuming procedures are eliminated
(11). As a cryopreservation method, vitriﬁcation has
been successfully applied for human cord blood he-
matopoietic progenitor cells (12), human embryonic
stem cells (hESCs) (13,14) and human amnion-derived
MSCs (15). We have previously reported on the vitri-
ﬁcation of hUCMs (16).
Trials for application of stem cells in reproductive
medicine have been an important concern for many
years. In the past decade, researchers have reported in
vitro differentiation of ESCs (17e22) and adult stem
cells such as BMSCs (23), fetal porcine skin stem cells
(24) and clonal pancreatic stem cells (25) into germ line
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cells. One study was carried out wherein hUCM cells
were induced toward male germ cells (26). Human
UCMcells are being considered as a non-immunogenic
(27) source of stem cells capable of differentiating into
various cell types suitable for experimental (28,29) and
clinical studies, especially regenerative medicine (30).
Whether vitriﬁcationwould alter differentiation capacity
of hUCM cells has not been investigated. Regardless of
existent results, there is long way to achievement of ﬁnal
goals. Therefore, in the present study, we evaluate the
gametogenic potential of hUCM cells after vitriﬁcation.
Methods
Isolation and culture of hUCM cells
All materials were purchased from Sigma-Aldrich Co
(Sigma-Aldrich, St. Louis, MO, USA) except for the
cases mentioned in the text. Ethics approval was ob-
tained from the ethics committee at Kerman Univer-
sity ofMedicalSciences,Kerman, Iran.After informed
consent was given by mothers in the Afzalipour hos-
pital gynecology ward in Kerman University of Medi-
cal Sciences, fresh human umbilical cords (UCs) from
normal, full-term newborn infants were obtained
during cesarean section. UCs were transferred to the
laboratory in Hanks’ balanced salt solution supple-
mented with 100 IU/mL penicillin and 50 mg/mL
streptomycin sulfate, and tissue processing was per-
formed in less than 24 h from acquisition. After
removal of blood vessels, the Wharton’s jelly was
scraped from the amnion and apportioned to 2- to
3-mm pieces. These pieces were explanted onto 35 
10 mm petri dishes (Falcon BD, Franklin Lakes, NJ,
USA) and cultured in a general culture medium of
Dulbecco’s modiﬁed Eagle’s medium (DMEM)/F12
supplemented with 10% fetal bovine serum (PA
Biologicals, Sydney, Australia), 100 IU/mL penicillin
and 50 mg/mL streptomycin sulfate in a humidiﬁed
37C incubator with 5% CO2 in air. After removal of
Wharton’s jelly pieces subsequent to cell bud appear-
ance, cell culture was continued to>80% conﬂuence.
Flow cytometry analysis
For evaluation of surface antigen expression, approxi-
mately 1  105 4th-passage viable hUCM cells were
suspended inwashing buffer containing 2% fetal bovine
serum (FBS) in phosphate-buffered saline (PBS). After
centrifugation, 4% paraformaldehyde was added and
samples were incubated for 15 min at 4C. Subsequent
to washing, the cells were suspended in 10% normal
goat serum in PBS. Samples were then incubated for 15
min at 4C. After cell washing, the cells were labeled
with the following antibodies: CD44eﬂuoresceine-
isothiocyanate (FITC), CD90-FITC, CD45-FITC
andCD34-FITC for 1 h at 4C. Finally, the cells were
suspended in 4% paraformaldehyde and the exami-
nation was conducted. A ﬂuorescence-activated cell
sorter (FACS Calibur; Becton Dickinson, San Jose,
CA, USA) equipped with Cell Quest software was
used for antibody binding evaluation.
Evaluation of the differentiation potential of hUCM cells
Cultured cells (at passages 4e5) at a density of 1 
103 cells/cm2 on glass coverslips were incubated in
adipogenic differentiation medium, osteogenic dif-
ferentiation medium and chondrogenic differentia-
tion medium kits (Invitrogen, Carlsbad, CA, USA).
Each medium was changed every 3e4 days. After
completion of the differentiation period, histo-
chemical staining was performed. Cells induced with
the osteogenic, adipogenic and chondrogenic for-
mulas were stained with alizarin red S and alkaline
phosphatase, oil red O and toluidine blue, respec-
tively, to reveal these differentiations.
Vitriﬁcation of hUCM cells
Vitriﬁcation was performed by application of a two-
step exposure to vitriﬁcation solution on hUCM cells
at passages 2e4, described previously (15). Initially,
a pellet of 1  106 hUCM cells was mixed with 50 mL
of equilibration solution including 20% ethylene
glycol (EG), which was based on DPBS (Dulbecco’s
phosphate-buffered saline) containing 20% FBS for
5 min. Afterward, the cell pellet was suspended in
500 mL of vitriﬁcation solution, including 40% EG,
18% Ficoll 70 and 0.3 mol/dm3 of sucrose, which
was based on DPBS containing 20% FBS for 40
seconds. Finally, suspended hUCM cells were
immediately loaded into 1.5-mL cryovials (Nunclon,
Roskilde, Denmark) and plunged directly into liquid
nitrogen. After 24 h (31), the cryovial was submerged
in a 37C water bath. The warmed cells were sus-
pended serially in 0.5, 0.25 and 0 mol/L sucrose in
DPBS containing 20% FBS. The cells were plated at
a density of 3  103 to 5  103 cells/cm2 in a culture
ﬂask and subcultured to >80% conﬂuence.
Testicular celleconditioned medium preparation
Testicular cell cultures (TCCs) were prepared ac-
cording to a previously reported protocol (20). Brieﬂy,
10 testes from 1- to 3-day-old newborn mice were
ripped into pieces in trypsineethylenediaminetetra-
acetic acid (EDTA) solution. Subsequent to 5-min
trypsinization, the suspension was centrifuged for
3 min at 300g. The sediment was mixed with 1 mL
of 10% FBS in DPBS and was incubated at room
temperature for 10 min. The top 0.8 mL was then
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removed and mixed with 11 mL of DMEM medium
supplemented with 10% FBS, 1% nonessential amino
acids and 1% penicillin/streptomycin solution. The
suspension was allocated into a six-well culture dish
(31). TCCs were incubated in 5% CO2 at 37C to
>80% conﬂuence. The harvested cells were diluted
at 1:2 ratio and replated into new wells. Ten days after
cultures were started, conditioned medium was
collected from cultures with evident germ cell prolif-
eration. TCC was collected every 3 days for 30 days
from the start of the culture, ﬁltered and stored
at 20C for further use.
Gametogenic induction of hUCM cells
Non-vitriﬁed hUCM (n-hUCM) and vitriﬁed
hUCM (v-hUCM) cells at the 4th passage were
induced by differentiation medium containing
HDMEM (high glucose Dulbecco’s modiﬁed Eagle
medium) supplemented with 5% FBS, 50% ﬁltered
testicular celleconditioned medium, 2 mmol/L
retinol acetate and 1 mmol/L testosterone. During
the 21-day differentiation period, half of the medium
was exchanged every 3e4 days. n-hUCM and
v-hUCM cells at the 4th passage were considered as
the control group and were cultured in the general
culture medium.
RNA isolation, complementary DNA synthesis and
SYBR green real-time reverse transcriptaseepolymerase
chain reaction
At days 7 and 21 of gametogenic induction, total
RNA was extracted from n-hUCM and v-hUCM
cells. RNA extraction was performed with the use of
the RNeasy mini kit according to the manufacturer’s
instructions (Qiagen, Crawley, UK). After RNA
integrity was checked by means of denaturing
agarose gel electrophoresis and ethidium bromide
staining, complementary DNA (cDNA) was syn-
thesized by use of the Omniscript RT Kit (Qiagen).
Quantitative polymerase chain reactions (qPCR)
were performed in duplicate on each sample of
cDNA. Aforementioned reactions were accom-
plished with the use of the Maxima SYBR green/
ROX qPCR Master Mix (Fermentas, Burlington,
Canada) in the presence of forward and reverse
primers. SYBR green PCR ampliﬁcations were
initiated at 95C for 10 min followed by 40 cycles of
95C for 15 seconds for denaturation and 60C for
60 seconds for annealing/extension.
We aimed to analyze qPCR on each sample with
the use of the Rotor Gene 6000 machine (Qiagen)
for YWHAZ, GAPDH, VASA, DAZL and SCP3
genes.
For SYBR green, equal reaction efﬁciencies were
conﬁrmed by serial dilution of cDNA. Negative con-
trols (no cDNA) were considered in all experiments.
Detection of housekeeping gene expression in hUCM cell
culture after different treatments
After approval of reverse transcriptase (RT)-PCR
efﬁciency, the cycle threshold (Ct) values for
GAPDH and YWHAZ genes were determined after
different treatments on hUCM cell culture. In this
step, it was revealed that the expression of the
above-mentioned genes was affected after different
treatments, including vitriﬁcation and germ cell
differentiation.
Immunocytochemistry
To determine germ cell protein localization under
various culture conditions established on glass cov-
erslips, hUCM cultures were washed twice with PBS
and ﬁxed in 4% paraformaldehyde in PBS for
30 min. After three times of washing in PBS, the cells
were incubated in PBS with 0.1% Triton X-100, 1%
bovine serum albumin and 10% normal goat serum
for 45 min. Finally, the harvested cells were incu-
bated with anti-VASA, anti-DAZL and anti-SCP3 for
60 min at room temperature or overnight at 4e8C.
Afterward, the cells were washed in PBS for 10 min
and incubated with anti-rabbit immunoglobulin
GeFITC for 1 h at room temperature. Last, the cells
were washed three times with PBS and mounted with
the use of p-phenylenediamine as an anti-fading
agent. The cells were then observed under a ﬂuo-
rescence inverted microscope (IX71; Olympus,
Tokyo, Japan) equipped with a digital camera.
Karyotyping
To determine n-hUCM and v-hUCM cell karyo-
type in different groups, cells were detached from
culture ﬂasks with the use of 0.25% trypsin-EDTA.
The harvested cells were incubated for 45 min in 2
mL of DMEM with 15% FBS and 100 mL colchicin
(Gibco-BRL, San Francisco, CA, USA). After
centrifugation and removal of supernatant, the cells
were lysed by means of incubation in warm hypo-
tonic 0.075 mol/L KCl for 20 min at 37C. The
smears were washed in cold Carnoy’s ﬁxative so-
lution three times. The slides were stained with a
1:1:8 Giemsa:H2O:PBS solution for 10 min at
room temperature, washed with tap water and left
to dry. Chromosome sets in differentiated n-hUCM
and v-hUCM cells were carefully examined at least
three times individually. In each smear, at least 25
giemsa-stained chromosomeal plates were evaluated
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with the use of a light microscope (1000 magniﬁ-
cation). The model number of chromosomes was
concluded through analysis of 23 metaphases by
karyotyping technique.
Statistical analysis
For comparison of post-thaw immunostaining rate,
statistical analysis by means of the c2 test was per-
formed. Statistically signiﬁcant values were consid-
ered as P < 0.05.
Results
Features of hUCM cells
Ten days after the Wharton’s jelly pieces were
cultured, spindle-shaped, ﬁbroblast-like cells were
observed at the periphery of the explants. Flow
cytometric analysis demonstrated that the cells
expressed mesenchymal cell markers (CD44 and
CD90) but did not express hematopoietic lineage
markers (CD34, CD45) (Figure 1).
Osteogenic differentiation of hUCM cells was
examined after 2e3 weeks with alizarin red S and
alkaline phosphatase staining (Figure 2A,B). Cal-
cium phosphate mineral accumulation and forma-
tion of alkaline phosphataseepositive aggregates
were observed in cells. Chondrogenic differentiation
of hUCM cells by means of toluidine blue staining of
chondrogenic matrices was attained 3 weeks after
incubation in chondrogenic medium (Figure 2C).
Adipogenic differentiation was achieved after 10 days
as accumulation of lipid-rich vacuoles in cell cyto-
plasm (Figure 2D).
Testicular cell culture
Cultivation of testicular cells resulted in two pheno-
types. Some of the harvested cells showed a ﬁbro-
blast-like phenotype with high afﬁnity to attach to the
substratum. Others were round germ cells that
loosely attached to the substratum (Figure 3). Germ
cells evidently proliferated at 5e10 days after
beginning of the culture. These cells were single or
clustered and propagated rapidly.
Morphological changes in n-hUCM and v-hUCM cells
after treatment
The cell morphology was monitored alternatively
under a phase contrast microscope. In the control
groups of untreated n-hUCM and v-hUCM cells, the
cell density was higher, with typical mesenchymal
cell features on day 14 (Figure 4A,B). Subsequent to
gametogenic induction of n-hUCM and v-hUCM
cells, the cells appeared as ﬂat cells with few cyto-
plasmic extensions after 2 weeks (Figure 4CeF). In
the differentiation groups, the cell density was lower
than in the control groups.
Evaluation of germ cellespeciﬁc gene expression
Evaluation of RNA integrity was performed on the
extracted RNA. The high quality of RNA was
conﬁrmed by the appearance of 28S and 18S ribo-
somal bands on the staining gel.
In the next step, cDNA was synthesized. To follow
the method of qPCR, the efﬁciency of the system was
investigated with GAPDH and YWHAZ as house-
keeping genes. Standard curves for two housekeeping
Figure 1. Flow cytometric analysis of hUCM cells. Red histograms show the isotype control-stained cells; black histograms show the
antibody-stained cells.
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genes, including GAPDH and YWHAZ, were gener-
ated from the mean of Ct values, and the data were
ﬁtted in a linear relationship with 10-fold serially
diluted cDNA. The slopes of the plots and R2 values
for GAPDH and YWHAZ were y ¼ 3.284x þ 18.626,
R2 ¼ 0.9939, and y ¼ 3.753x þ 11.87, R2 ¼ 0.990,
respectively.
Detection of housekeeping gene expression in various
treatments on hUCM cells
After efﬁciency deﬁnition, Ct values were deter-
mined for various treatments with the use of GAPDH
and YWHAZ to discover appropriate housekeeping
genes (Figures 5 and 6). In this step, it was revealed
that these genes are affected by various treatments
including vitriﬁcation and germ cell differentiation
and therefore could not be used as housekeeping
genes in this experiment.
At day 21 after incubation with differentia-
tion media, the presence of germ cellespeciﬁc
proteins including DAZL, VASA and SCP3
in differentiated n-hUCM and v-hUCM cells
were detected by immunohistochemical analysis
(Figure 7). Under differentiation conditions, 58%
 2.8% and 53%  3.5% of the n-hUCM and
v-hUCM cells expressed DAZL protein, respec-
tively. However, 31.5%  0.7% and 26%  23.3%
showed VASA-positive staining, and after staining
of hUCM cells with SCP3 antibody, 29.5% 
21.2% and 29%  7.1% of the induced cells were
positive.
There was no statistical difference between the
two groups of cells. Negative controls, in which the
primary antibodies were removed, showed negligible
ﬂuorescence.
Karyotyping study
After cytologic analysis of differentiated n-hUCM
and v-hUCM cells, we determined that the cells
retained the diploid state and had not entered
meiosis cell division (Figure 8).
Figure 2. Osteogenic, chondrogenic and adipogenic differentiation of umbilical cord mesenchymal cells. In osteogenic induction, formation
of calcium phosphate mineral accumulation and alkaline phosphataseepositive aggregates by means of alizarin red S staining (A) and
alkaline phosphatase staining (B), respectively, is visible. During chondrogenic differentiation, extracellular matrix rich in sulfated pro-
teoglycans is shown by toluidine blue staining (C). Subsequent to adipogenic induction, oil red O staining (D) shows lipid droplets in
cytoplasm (scale bars: A: 40 mm; B, C and D: 20 mm).
Figure 3. Testicular cells at day-5 cultivation. Germ cells indicated
by black arrows show a round morphology; somatic cells indicated
by white arrows appear as ﬁbroblast-like cells (scale bar: 20 mm).
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Discussion
Our research attempts to evaluate whether differentia-
tion potential of hUCM cells towardmale germ cells is
affected by vitriﬁcation. To achieve this aim, a two-step
vitriﬁcation protocol that was based on ethylene glycol
as a cryoprotectant and rapid warming was used.
Our criterion for the evaluation of hUCM cells
was provided by the Mesenchymal and Tissue Stem
Cell Committee of the International Society for
Cellular Therapy guidelines (32). Adipogenic, oste-
ogenic and chondrogenic differentiation potential and
surface antigen expression (positive for CD44 and
CD90; negative for CD34 and CD45) of hUCM cells
indicated mesenchymal characteristics of these cells,
and our previous research has shown that vitriﬁcation
exerts no signiﬁcant effect on these features. The
absence of a signiﬁcant difference between differen-
tiation potential of v-hUCM and n-hUCM into male
germ-like cells indicates that vitriﬁcation is an effec-
tive and recommendable method for cryopreservation
of hUCMcells. Success in cryopreservation of hUCM
cells is probably the result of the use of vitriﬁcation
solution containing EG as a permeable cryoprotec-
tant. The use of EG has been recommended because
of low toxicity and high permeability properties (33).
The use of cryoprotectants with low toxicity is an
essential element in all vitriﬁcation solutions (10). In
the current study, the vitriﬁcation solution EFS40,
containing 40% EG, was used; this has been
Figure 4. Morphological changes in different groups of cultured hUCM cells. Differentiated cells (CeF) are compared with undifferentiated
cells (A,B) (scale bars: A, B, E and F: 50 mm; C and D: 20 mm).
Figure 5. Evaluation of Ct values in various treatments with the use of GAPDH gene primers. D indicates differentiation group.
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extensively applied in the successful vitriﬁcation of
mouse embryos (34,35), human blastocysts (36) and
embryonic stem cells (14). Compared with other re-
ports on the traditional slow cryopreservation of
MSCs, the cryopreservation protocol used in this
study has advantages. Complete removal of damage
caused by intracellular ice crystal formation, which is
the main source of damage and disruption of cyto-
plasm, appears to be difﬁcult in the slow-freezing
method (37). Cryopreservation of stem cells bymeans
of the traditional slow-freezing method is time-
consuming and requires a programmable tempera-
ture container, but these difﬁculties have been
overcome by vitriﬁcation. In the vitriﬁcation procedure,
after the use of high concentrations of cryoprotectant
and rapid cooling, glass-like freezing occurs without
ice crystal formation (33). Kuleshova and Lopata
(38) in 2002 have shown vitriﬁcation advantages
compared with the previous freezing techniques.
These advantages are (i) control of cryoprotectant
permeation and dehydration rate, (ii) prevention of
long-term thermal shock and damage caused by ice
crystal formation and (iii) affordable equipment.
In the present study, the effects of vitriﬁcation on
the differentiation potential of hUCM cells to the
male germ cells have been explored. Although the
Figure 6. Evaluation of Ct values in various treatments with the use of YWHAZ gene primers. D indicates differentiation group.
Figure 7. Immunoﬂuorescence of germ cellespeciﬁc markers. DAZL is mainly expressed in the nuclei and in some cases in the cytoplasm.
VASA expression is mainly observed in the cytoplasm and in some nuclei. SCP3 is expressed in both cytoplasm and nuclei (scale bars:
20 mm).
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gametogenic potential of embryonic stem cells and
somatic stem cells such as BMSCs, pancreatic stem
cells and porcine skin stem cells have been studied
(17e25), it appears that hUCM cells have preference
because of characteristics such as the lack of ethical
prohibition, easy access and proliferation capacity
(1). Huang et al. (26) in 2010 attempted to produce
male germ cells with the induction of hUCM cells in
differentiation medium for 14 days; they showed
expression of germ cell markers Oct4, Ckit, CD49f,
Stella and Vasa in the induced cells. In the present
study, we showed through the use of immunocyto-
chemistry a comparable expression of the gameto-
genic markers as well as messenger RNA in vitriﬁed
and non-vitriﬁed cells after 21-day induction. We
observed some morphological changes in n-hUCM
and v-hUCM cells after induction. We examined the
pre-meiotic germ cell marker DAZL and later germ
cell markers such as VASA and SCP3. Expression of
VASA in vivo and in vitro represents an irreversible
commitment toward germ lineage cells (39). It has
been reported that VASA is not only in the cytoplasm
but also is in the nucleus of some germ cells (40). In
the present study, the VASA protein was expressed
in the nucleus and cytoplasm of each group of cells
without signiﬁcant differences between groups. Gene
family members deleted in azoospermia (DAZL) is
exclusively expressed in generating cells; DAZL
protein, which is one of them, is present in most of
the life period of germ cells and is necessary for dif-
ferentiation and maturation of germ cells (41,42).
In this study, DAZL protein was present both in
the cytoplasm and the nucleus of n-hUCM and
v-hUCM cells similarly at day 21. Synaptonemal
complex proteins such as SCP3 are meiosis-special
structural proteins that synapse homologous chro-
mosomes. Synaptonemal complex formation begins
during the leptoten stage of meiosis prophase; this
protein locates in the nucleus. The cytoplasmic
expression of SCP3 indicates recently synthesized
protein that subsequently migrates to the nucleus
(43). In the present study, SCP3 protein was detected
in the cytoplasm and the nucleus of each group of
cells at day 21. In addition to cellular SCP3 expres-
sion (as ameiosis marker), this issue indicated that the
induced hUCM cells have entered a more advanced
meiosis stage compared with Huang et al. study.
RT-qPCR analysis to determine messenger RNA
expression is widely used in many studies conducted
thus far on MSCs. However, because of different
methods of data analysis and normalization, RT-
qPCR studies on MSC in vitro and in vivo can be
difﬁcult (44). We selected and evaluated two house-
keeping genes, GAPDH and YWHAZ, to achieve a
suitable reference gene. Our results show that the
expression of these genes was inﬂuenced by the pro-
cesses of vitriﬁcation and germ cell differentiation.We
may conclude that GAPDH and YWHAZ genes as
housekeeping genes have little relevance to real-time
RT-PCR in the process of gametogenic induction of
hUCM cells, vitriﬁed and non-vitriﬁed. However,
Barber et al. (45) have shown that GAPDH and
YWHAZ are stable reference genes for hUCM cells at
the 7th passage. A review of studies on BMSCs shows
thatGAPDH is one of the most commonly used genes
for normalization of data in RT-qPCR, whereas the
high levels of variability in expression of this gene were
seen in homogeneous populations of human MSC
such as MIAMI (marrow-isolated adult multilineage
inducible) cells derived from the bone marrow, in
contrast to its common use in research of human
MSCs (46e49). Researchers have shown that
GAPDH is not reliable gene, and EF1a, RPL13a and
YWHAZ are more suitable genes for data normaliza-
tion in BMSC studies (44). Reports have shown that
the stability of gene expression for the reference genes
to speciﬁc tissues (eg, cell lines) and different experi-
mental treatments must be examined and approved
before real-time RT-PCR analysis is started (50e52).
According to the results of the present study showing
high variability of expression of these genes, it is
necessary to evaluate a panel of different genes to ﬁnd
the best housekeeping gene whose expression is con-
stant in the various treatments on hUCMs.
Figure 8. Diploid karyotype of treated n-hUCM (A) and v-hUCM (B) to germ-like cells.
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A karyotyping study on n-hUCM and v-hUCM
cells showed that these cells have not entered the
meiosis stage but have arrested in the pre-meiotic
stages. Nayernia et al. (21) ﬁrst demonstrated that
mouse embryonic stem cellederived gametes can
successfully fertilize mouse oocytes to create live mice.
However, under these conditions, the morphology
of the sperm was abnormal and the mouse size was
smaller or larger than the control mice and had died
between 5 days to 5 months after birth (21). In the
other study that carried out on the differentiation of
human embryonic stem cells to embryonic-like body;
gene expression showed that meiotic development
markers (such as VASA, SCP1 and SCP3) and speciﬁc
male gamete gene (TEKT1), were expressed in the
3 days embryonic body and reached their maximum
level of expression in the 14 days old embryonic bodies
(17). Kee et al. (53) have shown that BMP (bone
morphogenic protein) factors are involved in germ cell
formation from human embryonic stem cells; they
showed that by the use of these factors, VASA and
SCP3 gene expression would have been signiﬁcantly
increased. However, to our knowledge, no report has
already been published on human ESC differentiation
to post-meiotic germ cells.
Although this study shows that the human um-
bilical cord Wharton’s jelly mesenchymal cells in
vitro can be induced toward the germ cell differen-
tiation, the process of vitriﬁcation did not alter this
process, but, to ensure progression of these cells in
the meiotic cell route and obtaining the functional
sex cells, further investigation is needed.
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